COMMENTARY
The case-crossover 4 is one such method. It is a caseonly design, meaning it only incorporates data from subjects who experience the outcome at some time (the cases). In its simplest incarnation, for each person-time at which an outcome occurs, a preceding "control" time is chosen from the same subject. The case-control pairs are then used to compute the Mantel-Haenzsel estimator of a common odds ratio. By matching person-times on subject, confounding by baseline variables (which are of course invariant within subjects) is eliminated.
The case-crossover and trend-in-trend designs make a lot of similar assumptions. The case-crossover estimator targets the assumed constant instantaneous subject-specific hazard ratio, 8 which, in a rare outcome survival context, is the same estimand as in the trend-in-trend design (see assumption (a)). Both methods appear to depend on an assumption that exposure at time t has no direct effect on future outcomes at time t + 1 or later. In the case-crossover literature, this assumption is called treatment transience. In the trendin-trend design, the assumption appears to be implicit in the omission of past treatment history from the person-time level outcome model. Measured time-varying confounders can be adjusted for in the case-crossover design, but as in the trendin-trend, there are restrictions on these confounders. In particular, time-varying confounders must have transient effects on the outcome and either not be affected by past exposure or not be affected by any unobserved causes of the outcome. 8 The case-crossover further assumes that there is no unmeasured time-varying confounding, whereas the trend-in-trend design allows for unmeasured time-varying confounding as long as the distribution of confounders does not vary with calendar time within strata.
Unlike the trend-in-trend, the case-crossover estimator does not make any assumptions about functional forms of causal or distributional models. However, when the effect of exposure is nonzero, an additional necessary assumption in the case-crossover design (with no apparent counterpart in the trend-in-trend) is that there are no unobserved timevarying common causes of the outcome at different persontimes within the same subject. 8 And where the trend-in-trend requires an ecologic time trend in exposure, the case-crossover prohibits time trends in exposure within subjects. As within subject time trends will usually accompany ecologic time trends, the case-crossover can rarely be applied in any situation where the trend-in-trend might be applied.
The case-time-control design 5 is a modification of the case-crossover method intended to accommodate situations in which there is a time trend in exposure. In the simplest version, subjects are sampled as in a standard case-control design. Within each subject, two person-times are sampledone from the "current" time period, which is when the outcome occurs in the cases, and one from a preceding "reference" time period. The estimand remains the constant instantaneous subject-specific rate ratio, and it is still assumed that there are no unmeasured time-varying confounders. But unlike the case-crossover, the case-time-control design makes modeling assumptions. Specifically, let i denote group (1 = case, 0 = control), j denote period (1 = current period, 0 = reference period), k denote outcome (1 = event, 0 = no event), l index subjects within group, and E ijkl denote the exposure status of subject l in group i with outcome k at time j. Then the casetime-control method assumes that
This model is very similar to the subject-specific model underlying the trend-in-trend design. μ here maps to β 0 there; θ 1 −θ 0 here is the exposure effect of interest, which is β 1 there; π 1 −π 0 here is the period effect of time on exposure, whereas β 2 there is the effect of time on the outcome; and s il is a subject level random effect capturing all time-invariant confounding as γ
captures measured and unmeasured confounding in the trend-in-trend. From the cases alone it is possible to identify (θ 1 − θ 0 ) + (π 1 − π 0 ), and from the controls alone it is possible to identify π 1 − π 0 . Thus, it is possible to identify θ 1 − θ 0 by a difference in differences approach. An important restriction imposed by (1) is that the period effect on exposure is the same among cases and controls. If baseline variables that influence the probability of a subject becoming a case also influence subject-specific exposure trends, then (1) will be misspecified. This restriction is similar in substance to assumption (e) of the trend-in-trend design, which also excludes the possibility that the (multiplicative) effect of time on exposure varies with covariates that influence the outcome. (A modification of the case time control called the "case-case-time-control" 9 uses control-time from future cases to mitigate concerns that exposure trend might be different in cases than controls.)
The self-controlled case series 6 is another case-only design like the case-crossover. It makes the modeling assumption that the data are generated by a nonhomogeneous Poisson process with rate λ α β
where i indexes subjects, j indexes exposures within subjects, and k indexes time period from subject baseline. Φ i is a subject level random effect capturing the multiplicative effects of all baseline covariates, α k is the time period effect, and β j are the exposure effects of interest. Model (2) has similar parallels to the individual level trend-in-trend outcome model as those enumerated for model (1) . Under model (2), the effect of the jth exposure period is constant and instantaneous across subjects and time, but because the effect can depend on j the exposure effects are not quite transient in the same sense as the other methods considered here. The self-controlled case series estimates α k and β j by maximizing the likelihood conditional on total number of events and exposure history in each subject under the assumption that exposures and observation periods are independent of past outcomes. Under this "no outcomedependent exposure" assumption, only subjects with at least one event contribute to the conditional likelihood, making the self-controlled case series estimator a case-only estimator. And Φ i drops out of the conditional likelihood contribution of subject i, which eliminates unmeasured baseline confounding. When considering serious outcomes (e.g., myocardial infarctions as in an application of the trend-in-trend design presented in [3] ), exposures are very likely to be influenced by past occurrences of the outcome. Farrington et al. 10 present a modified self-controlled case series estimator that retains the properties of the original under event-dependent exposures as long as exposure periods are short. In cases where a drug is taken for a long time, the short exposure period assumption would fail. Also, while observed time-varying confounders can be added to model (2) to adjust for measured time-varying confounding, unobserved time-varying confounders would lead to bias.
To summarize this accounting of assumptions, the trendin-trend works under largely different circumstances than the self-controlled case series (which fails if there are long exposure periods and major outcomes) or case-crossover (which fails when there are time trends in exposure), but similar circumstances to the case time control. The case time control imposes fewer modeling assumptions. However, like the other self-controlled methods, case time control only adjusts for unmeasured baseline confounding. Perhaps the most important advantage of the trend-in-trend design is that it can adjust for unobserved time-varying confounders (as long as they do not have calendar time trends within strata).
Zooming out, another take-away is the generally similar flavor of the assumptions made by these designs. In particular, it is interesting that all of them target a constant, transient (or "semitransient" in the case of self-controlled case series), instantaneous, and subject-specific effect. In the trend-intrend, case time control, and self-controlled case series, this is a natural consequence of defining the effect as the coefficient of instantaneous exposure in a linear model containing time and essentially all baseline variables as covariates. The casecrossover does not specify any model, however, and yet still estimates this quantity. It might be useful to identify the precise source of this estimand's magnetic pull in methods that allow for unobserved confounding, because the estimand is often not of primary public health interest.
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